Chronic suppurative otitis media (CSOM) refers to the middle ear inflammation which is clinically characterized by the discharging ear, hearing deficit, fever and otalgia. Although a clinical diagnosis, imaging is imperative to rule out associated complications which apart from causing hearing deficit, may prove fatal at times.
Background
Aural infections are one of the major causes of morbidity in children that, if neglected, may lead to disabling complications or even death. Otitis media refers to the inflammation of the middle ear which may be further classified into acute or chronic suppurative otitis media (CSOM) on the basis of duration of symptoms. Chronic suppurative otitis media (CSOM) is the leading cause of chronic aural discharge. As per WHO estimates, it affects 65 to 330 million individuals globally. Its prevalence varies from nearly 1% in the developed to 30-45% in the underdeveloped countries.
HRCT and MRI are the two most important imaging modalities in the evaluation of chronically discharging ear. HRCT has a better spatial resolution needed for the evaluation of osseous structures, whereas MRI is ideal to evaluate intracranial complications. In this article, HRCT findings in CSOM and its complications are detailed along with a diagnostic approach to a chronically discharging ear, which can benefit both clinicians and radiologists [1] [2] [3] [4] .
Imaging Modalities for the Evaluation of CSOM [5-8] Plain radiography
Schuller's, Stenver's, Towne's and submentovertical projections are the most widely used radiographic projections in the imaging of the temporal bone in suspected CSOM. However, with the available imaging modalities (vide infra), plain radiography is rarely used in the evaluation of middle ear pathologies. Complex skull base anatomy along with poor spatial resolution make it easy to miss smaller lesion on the radiographs. Furthermore, the extent of involvement and bony erosion are not well visualized on radiographs.
HRCT (high resolution computed tomography)
With its excellent spatial resolution, HRCT is the imaging modality of choice for the evaluation of middle ear pathologies. HRCT is a highly sensitive screening tool, which if normal, virtually excludes any middle ear pathology [5, 8] . It is the best modality to look for the integrity of the ossicles and the bony confines of the middle ear. As mentioned above, complications of CSOM mainly arise from bone erosion. HRCT is indicated in unsafe CSOM for its localization, Although the status of the tympanic membrane (TM) may be evaluated on HRCT, otoscopy is more reliable for this purpose [5, 8] .
Limitations of HRCT
A variety of conditions such as chronic infection/inflammatory disease, glomus tympanicum, vascular anomalies, neoplasm or hemotympanum can cause middle ear opacification, of which CSOM is the leading cause. However, due to poor contrast resolution, HRCT lacks specificity in differentiating between various causes. Nonetheless, the presence of certain ancillary findings, e.g. retracted TM, rules out any mass lesion [5] [6] [7] .
MRI
Due to its superior contrast resolution, MRI serves as a problem-solving tool in indeterminate, complicated CSOM cases to look for the involvement of facial nerve canal, inner ear structures and intracranial complications. It is of utmost utility in distinguishing residual/recurrent cholesteatoma from granulation or scar tissue in the post-operative ear [8] [9] [10] .
This article illustrates HRCT findings in CSOM and its various complications. Due to the high incidence of complications, imaging is prudent in unsafe CSOM cases. A familiarity with the radiological appearances in certain clinical situations helps in early institution of treatment, thereby significantly reducing morbidity and mortality.
Acute otitis media
Acute otitis media (AOM) manifests with discharging ear, otalgia and fever of short duration. It results from the reactive accumulation of fluid in the middle ear cavity behind an intact tympanic membrane (TM). AOM is a clinical diagnosis and usually requires no imaging. HRCT, if performed, reveals opacification of the middle ear cavity with occasional presence of fluid levels. Bone and ossicular erosion are characteristically absent. At times, aditus ad antrum may be blocked, leading to concomitant mastoiditis, which is referred to as otomastoiditis (Figure 1 ). AOM and acute otomastoiditis usually resolve promptly with conservative management [2] .
Chronic suppurative otitis media (CSOM)
CSOM is a sequela of unresolved acute otitis media. The chronological distinction between acute and chronic otitis media is variable; however, as per WHO definition, CSOM is defined by the persistence of otorrhea beyond 2 weeks [3] . It is the most common granulomatous condition of the middle ear and mastoid air cells. It is histopathologically characterized by advanced, irreversible mucosal changes [4] . Its permanent nature, resistance to conservative management and relentlessly dragging evolution differentiates it from simple AOM. If unhalted, it may lead to sclerotic-adhesive sequelae or life-threatening complications [4, 5] .
Clinically, CSOM is categorized into the following 2 types (Figure 2 ): 1. Tubotympanic (safe type) -there is central perforation of the tympanic membrane (TM), and the inflammatory process is restricted to the middle ear mucosa. HRCT reveals opacification of the middle ear cavity without erosion of the bone or ear ossicles ( Figure 3 ). 2. Attico-antral (unsafe type) -marginal or attic type of TM perforation and involvement of the periosteum leads to bone erosions [6] . From the imaging perspective, atticoantral CSOM can be further classified into cholesteatomatous or non-cholesteatomatous types. In both these subtypes, granulation tissue is present; however, cholesteatoma characteristically leads to bone and ossicular erosion (in ~90% of the cases) [6, 7] .
The classical HRCT findings in attico-antral CSOM with cholesteatoma include 1) erosion and blunting of scutum Review Article (lateral attic wall), 2) widening of the aditus ad antrum, 3) displacement of ossicular chain and 4) destruction of ear ossicles [5] [6] [7] .
Cholesteatoma
Cholesteatoma is the hallmark of unsafe CSOM and is classically described as "skin in wrong place". Complications in CSOM develop mainly due to cholesteatoma owing to its propensity for bone erosion; hence, it is also called unsafe CSOM. Imaging evaluation of a complicated CSOM commences with HRCT, and MRI is performed to rule out any intracranial involvement.
Cholesteatoma can be congenital or acquired (Table 1) , which may be distinguished based on the history, status of the TM and location of the lesion [8] [9] [10] . Congenital cholesteatoma (CC) develops from the embryonic epithelial rest which is most commonly located in the temporal bone but can be present elsewhere in the skull, including skin [8, 11] . Unlike the acquired type, CC (Figure 4) is not a sequelae of CSOM; nonetheless, it needs to be mentioned due to similar imaging findings [12, 13] .
On the other hand, acquired cholesteatoma can be primary or secondary, depending on the integrity of TM. In primary acquired cholesteatoma, TM is intact, whereas in Bhalla A.S. et al. -HRCT evaluation in discharging ear the secondary type, there is epithelialization of the middle ear across the ruptured TM. Of its various subtypes, the incidence of primary acquired cholesteatoma is the highest (80%), followed by secondary acquired (18%) and congenital (2%) types [5] .
The above-mentioned distinction between the types of cholesteatoma on the basis of aetiopathogenesis, is, however, of limited use to the otorhinolaryngologist. From the management perspective, location of the lesion with respect to the TM is more helpful for surgical planning. Accordingly, cholesteatoma may be divided into two types -pars flaccida (attic, 80%) or pars tensa (sinus, 18%) ( Table 2 ).
Pars flaccida cholesteatoma ( Figure 5 ) is usually primary acquired (i.e. with intact TM). It initially fills the Prussak's space, in the region of upper one-third of TM, displacing the ear ossicles medially. Thereafter, it grows posteriorly into the epitympanum, involving the posterolateral attic and may either widen the aditus and involve the mastoid air cells or may grow inferiorly involving the posterior tympanic recess. Aditus widening is a characteristic finding.
Pars tensa cholesteatoma ( Figure 6 ), on the other hand, is usually secondary acquired as a result of perforation of the lower two-thirds of TM. It is initially localized in the facial recess with later involvement of the sinus tympani and mastoid air cells. It may further extend superiorly to the attic and may displace the ear ossicles laterally. There is a tendency of pars tensa cholesteatoma to preferentially spread along the medial wall of the tympanic cavity; hence, there is early involvement of otic capsule and labyrinth. However, in advanced cases with extensive involvement, distinction of the cholesteatoma into pars flaccida and tensa may not be possible [6, 8, [14] [15] [16] [17] [18] .
At its inception, cholesteatoma is a well-circumscribed, nondependent, non-enhancing soft tissue lesion with convex or bulging margins on HRCT that may be associated with bone erosions [7, 8] . Bone erosion ( Figure 7 ) is nearly pathognomonic for cholesteatoma and is seen in approximately 90% of patients; however, it is rarely present in the congenital cholesteatoma. Pars tensa cholesteatoma (~90%) is more frequently associated with bone erosion than pars flaccida cholesteatoma (~75%). Moreover, bone and ossicular erosions are more common in children as compared to adults [8, 18, [19] [20] [21] [22] .
Rosito et al. conducted a cross-sectional study comprising of 414 cases in order to classify cholesteatomas according to growth patterns and prevalence of various subtypes. It was observed that the posterior epitympanic cholesteatoma was more common in adults (41%), as compared to posterior mesotympanic type in children (43%). Furthermore, anterior epitympanic cholesteatoma was noted exclusively in children [9] .
Ancillary findings of HRCT, such as attenuation values and pattern of contrast enhancement, are of limited use in diagnosing cholesteatoma. Cholesteatoma is usually nonenhancing, although there may be peripheral enhancement which goes unnoticed in smaller lesion. Lack of enhancement in the centre of a large lesion is one of the striking features of cholesteatoma, aiding in its distinction from neoplasms of the middle ear with otherwise similar morphological features [8] .
Apart from the location of cholesteatoma with respect to the TM, it is also important to note its relation to the ear ossicles, i.e. medial or lateral, which is extremely helpful in determining the surgical approach [12] . Besides, due to a better preoperative extent delineation, HRCT improves the surgeon's confidence in the preoperative counselling for various ancillary surgical procedures such as mastoidectomy or removal of ossicles [13] .
Despite having the aforementioned utilities, HRCT may not always distinguish between safe and unsafe CSOM. For instance, it may be difficult to identify a small focus of cholesteatoma amidst an opacified tympanic cavity, especially in the absence of bone erosion. Attenuation values and contrast enhancement pattern of soft tissue on CT (unlike MRI) may not distinguish simple granulation tissue from the cholesteatoma. Also, HRCT is not precise in detecting residual cholesteatoma in a postoperative ear [5, 7] .
Imaging Findings in Complications of CSOM
Complications of CSOM can be broadly classified into 2 categories, as intra-or extratemporal (Table 3) .
Ossicular erosion
Cholesteatoma can erode the scutum, ear ossicles, tegmen tympani, bony labyrinth (lateral semicircular canal) and facial nerve canal (tympanic segment). Scutum erosion is classically seen in the attic cholesteatoma (Figures 8, 9 ). Of the ear ossicles, the long process of the incus is most commonly affected owing to its vicarious blood supply and limited ligamentous support, followed by the lenticular process of the incus and stapes footplate [5, 19, 21] .
As mentioned above, HRCT is the imaging modality of choice to detect bone erosions. The recommended window settings for the optimal assessment of ear ossicles include a large window width (e.g. 4000 HU) and a low window level (0-200 HU) [5] . Contrast-enhanced MRI is indicated if there is erosion of tegmen tympani or sinus plate due to potential intracranial complications because of the close proximity of the dura at these sites [24] .
Labyrinthine fistula
It is one of the potentially serious complications of cholesteatoma with an incidence of 5-10%. Of the labyrinth apparatus, lateral semicircular canal (LSCC) is most commonly affected, followed by superior ampulla, posterior canal and cochlear promontory (Figures 10, 11) . HRCT findings in labyrinthine fistula include direct apposition of the soft tissue to the lumen of labyrinth with associated thinning or erosion of the cortical bone. Subtle findings may be 
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missed; hence, it is important to evaluate the labyrinthine structures in more than one plane [25, 26] .
Sometimes, soft tissue may be simply adherent to the bony labyrinth without causing its erosion. Although not being a fistula, it still needs to be mentioned, as surgical removal of this soft tissue may cause iatrogenic fistulisation and unremitting vertigo. Ultimate resort in such cases may be labyrinthectomy which may cause complete deafness (4). On MRI, there is labyrinthine enhancement in the presence of a fistula [5, 14, [22] [23] [24] [25] .
Facial nerve palsy secondary to canal erosion is present in nearly 1% of cholesteatoma cases. The tympanic segment of the facial nerve is most commonly affected, as it is located in the vicinity of epitympanum where cholesteatomas frequently lodge. Diagnostic uncertainties may arise when there is congenital dehiscence or thinning of the bony canal, which may be indistinguishable from subtle erosions [24] . In a study comprising of 50 patients, conducted by Thukral et al. to evaluate the role of HRCT in temporal bone pathologies, HRCT was found to be highly sensitive in detecting cholesteatoma (89%) and erosions of the ear ossicles (83%). Furthermore, HRCT also aided in the detection of lateral semicircular canal erosions. However, it had a low sensitivity of detecting facial canal erosions (33%) [18] .
Goma et al., in their study of 56 cases of cholesteatoma, observed that the scutum and lateral attic wall were eroded in nearly two-thirds of cases. The incus was the most 
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Review Article commonly eroded ear ossicle (88%). The authors also noted that intra-temporal complications were more common than intracranial complications. Additionally, a comparison of HRCT and intra-operative findings revealed that HRCT had a high sensitivity and accuracy in detecting cholesteatomas (92%), ossicular erosions (98%), labyrinthine fistula as well as intracranial complications [20] . Rai et al. also observed similar results when demonstrating the accuracy of HRCT in diagnosing various complications of cholesteatoma which correlated well with operative findings. However, the sensitivity of HRCT was low (p<0.05) in detecting posterior fossa, dural plate and tegmen tympani erosions [26] . HRCT is the modality of choice in suspected PIOF, irrespective of the pathological subtype. It not only helps in evaluating the lesion extent and its distribution but also predicts improvement after surgical correction. . Fibrous tissue fixation may be either localized or diffuse. The localized form can occur anywhere; however, it most commonly involves the oval window niche leading to stapedial fixation (prestapedial stent) [6, 27] .
Post-inflammatory ossicular fixation (PIOF
On HRCT, fibrosis appears as non-calcified, soft tissue debris encasing the ossicular chain. It is difficult to suggest fixation of ossicles on imaging, and findings remain indistinguishable from other causes of opacified middle ear, especially cholesteatoma. Nonetheless, the presence of bone erosion favours cholesteatoma, whereas absence of aural discharge favours PIOF.
Tympanosclerosis, which appears as punctate or diffuse calcified densities, may occur anywhere in the tympanic cavity, and depending upon the structure involved, may cause hearing loss or remain asymptomatic. It needs to be differentiated from calcified anatomical structures such as the cochleariform process. Tympanosclerosis of the TM is also referred to as myringosclerosis.
New bone formation (fibroosseous sclerosis) is the least common manifestation of PIOF and is characterized by lamellar bone deposition in the tympanic cavity, commonly in the epitympanum. Other imaging differential diagnoses for PIOF, apart from cholesteatoma, include otosclerosis, as both entities manifest with conductive hearing loss in a non-discharging ear. However, the presence of hypodense soft tissue in fissula ante fenestrum suggests otosclerosis [6,.27] .
Mastoiditis is a frequent co-morbidity of both acute and chronic otitis media. In acute otomastoiditis, mastoid air cells become fluid-filled, and there is usually no bone erosion. On the other hand, mastoiditis (Figures 12, 13) , occurring in conjunction with CSOM, may be coalescent or sclerosing. In sclerosing mastoiditis, there is a loss of pneumatisation of the mastoid air cells with their sclerosis. Coalescent mastoiditis is a more severe form with mucoperiosteal involvement, leading to the destruction of the mastoid septa and resulting in intramastoid empyema and cavity formation [7, 12] .
HRCT is the imaging modality of choice for diagnosing coalescent mastoiditis, as bony septa, inner and outer mastoid cortices are best seen. Early in the course of the disease, erosion of the septa of mastoid air cells may be subtle; however, a comparison with the contralateral normal side may help to look for asymmetry.
Unresolved mastoiditis may further spread into the adjacent structures. Breach of the outer mastoid cortex leads to post-auricular abscess formation (Macewen's triangle), whereas erosion of the mastoid tip may lead to the spread in the cervical region (Bezold's abscess). Occasionally, a peri-auricular abscess may develop in the absence of cortical breach due to the involvement of mastoid emissary veins (Griesinger's sign) [14, 28, 29] .
Petrous apicitis
The petrous apex is the anteromedial portion of the temporal bone and is pneumatized in ~30% of the general population. A pneumatized petrous apex freely communicates 
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Review Article with the tympanic cavity and the mastoid air cells. Accordingly, CSOM may involve the pneumatized petrous apex leading to petrous apicitis ( Figure 14) . Clinically, patients may present with Gradenigo's syndrome (triad of retro-orbital pain, aural discharge and sixth nerve palsy). Due to its location, an involvement of the petrous apex is of utmost clinical concern, as it may further spread to the middle and posterior cranial fossa. On HRCT, there is opacification of the pneumatized petrous apex [14, 30] .
Intracranial complications
Meningitis is the most common intracranial complication of CSOM, followed by brain abscesses. Meningitis is relatively commoner in AOM than CSOM. Otogenic brain abscesses ( Figure 15 ) are commonly located in the temporal lobe and cerebellum, which is explained by the contiguous spread of the disease process from the adjoining middle ear. CECT or MRI are used to diagnose brain abscesses [31] .
Dural venous sinus thrombosis is another frequent complication of CSOM and is seen in nearly 20% of cases. Of the venous sinuses, the lateral sinus is most frequently 
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affected due to its proximity to the mastoid air cells. Lateral sinus thrombosis may result either from a direct spread of infection to the perisinus space after bone erosion or from retrograde transmission through the mastoid emissary vein. Acute sinus thrombosis is hyperdense on NCCT and appears as a filling defect on CECT/MRI. Lateral sinus thrombosis may extend further proximally to the sinus confluence (torcular herophili) and the sagittal sinus, leading to otitic hydrocephalus, or distally to the jugular vein, leading to formation of septic emboli. MR venography is of utmost utility in sinus thrombosis, especially when follow-up imaging is required due to the lack of radiation concerns and excellent contrast resolution. Moreover, associated venous infarcts are better evaluated on MRI [30] . Epidural abscess is another infectious complication which occurs due to the direct intracranial spread of the inflammatory process secondary to bone destruction. It manifests with vague clinical features such as headache or increasing otalgia, unlike the fulminant presentation in meningitis and brain abscess. Both CECT and CEMRI are nearly comparable in diagnosing this entity; however, bone erosions are better evaluated on HRCT, whereas MRI is more sensitive in detecting smaller abscesses [14] .
Otitic hydrocephalus may follow otitis media (acute/chronic) and manifest with features of raised intracranial pressure. It is a sequelae of superior sagittal sinus thrombosis that alters the functioning of arachnoid villi; hence, preventing CSF absorption. This condition is a misnomer as it is neither exclusive to the otitis media nor there is true hydrocephalus as there is no ventriculomegaly. It is a diagnosis of exclusion and is suspected with clinical features of raised ICT but no corroborative imaging abnormality. Nonetheless, chronic venous sinus thrombosis may be variably present [31, 32] .
Meningo-or encephalocele is a rare complication resulting from the erosion of tegmen tympani or sinus plate, leading to herniation of the meninges or brain. As in other complications, HRCT is better suited for the detection of bone erosion, whereas MRI is indicated for the assessment of brain parenchyma [24] .
Subperiosteal abscesses result from the cortical breach leading to further spread of the inflammatory processes underneath an intact periosteum. On CECT/CEMRI, it presents as a well-defined, rim-enhancing collection ( Figure 16 ). Osteomyelitis of the skull base is also an uncommon complication (Figure 17 ).
Bezold's abscess occurs due to erosion of the mastoid tip with consequent spread of phlegmonous debris in the soft tissue of the neck. It is usually a complication of acute otomastoiditis but can occasionally be seen in CSOM [33] .
Conclusions
To conclude, apart from CSOM, a variety of conditions can present as middle ear opacification on HRCT. Also, a few other temporal complications of CSOM may appear as soft tissue attenuation, of which cholesteatoma is the main concern. Nevertheless, making a correct diagnosis of CSOM and mastoiditis is a multidisciplinary approach which requires clinical, radiological and histopathological correlation for successful treatment. The authors suggest a short, comprehensive clinico-radiological algorithm (Figure 18 ) for the differential diagnosis of middle ear opacifications seen on HRCT.
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